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In 1950, it was estimated that there were 33,202,998
cases of schistosomiasis japonica worldwide [1].
These included 32,777,630 cases in Mainland China,
174,436 in Japan, 249,932 in the Philippines, and 
1,000 in the Celebes. However, no human cases 
had been reported in Taiwan, although this disease
had been reported in animals [1]. In 1956, Hsu and
Hsu Li reported that the Formosan strain of Schisto-
soma japonicum is zoophilic after exposing this strain
to five volunteers [2]. This finding explains the nega-
tive results obtained in the Taiwanese population.
However, the intermediate hosts of this trematode,
Oncomelania h. formosana and O. h. chiui, are widely
distributed in four areas of Taiwan: Changhua
County in central west Taiwan, Kaohsiung County
in southwest Taiwan, Ilan County in northeast Taiwan,
and Taipei County in north Taiwan [3]. Moreover, 
an outbreak of this infection in animals was reported
in Changhua County in 1988 [4]. This paper is a
review of the history of schistosomiasis japonica in
Taiwan.
FINDINGS BEFORE WORLD WAR II
Discovery of the adult worm
The adult worm of S. japonicum was discovered in
Japan by Katsurada in 1904 [5]. Ten years later,
Takegami first reported the finding of eight adult 
S. japonicum worms from the portal vein of a slaugh-
tered pig at Lien-chiao-tso in Changhua County [6].
Moreover, he also found the infection in dogs, goats,
oxen and buffaloes in two more villages after another
extensive survey. He estimated that the infection was
prevalent in about 70% of pigs in these two villages [7].
In addition to the discovery of the adult worm of 
S. japonicum, Takegami also described unknown para-
site eggs resembling those of S. japonicum in the stool
specimens of three patients in the same county [6].
These eggs were oval in shape, measuring 47.5–52.5
62.5–75.0m in size. Although Takegami assumed
that these eggs were those of S. japonicum, his finding
was not confirmed [8,9]. Moreover, Iwata stated that
no human cases of schistosomiasis japonica had been
reported in Taiwan up to the time of his writing [9].
Discovery of the intermediate host
The presence of O. h. formosana in Taiwan was first
reported by Pilsbry and Hirase as Blanfordia formosana
at Laonung (a mountainous village about 500 m above
sea level) in Kaohsiung County in 1905 [10]. In 1915,
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Yokogawa discovered this snail at Hsiao-pu-hsin in
Changhua County [8]. Horikawa reported the presence
of O. h. formosana at Hao-hsiu in the same county [11].
In 1941, Kuroda reported the semifossilized specimens
of O. h. formosana at Kuan-hsi in Hsinchu County [12].
Experimental studies
Yokogawa succeeded in infecting a rabbit with cer-
cariae obtained from Oncomelania snails collected in
Hsiao-pu-hsin, Changhua County [8,13]. The adult
worms recovered from this rabbit were identified as
S. japonicum by Faust and Melency [14]. Moreover,
Suyemori succeeded in infecting mice, rabbits, guinea
pigs, dogs, cats, pigs, cows, and Macaca monkeys with
S. japonicum [15].
EPIDEMIOLOGY IN HUMANS
After World War II, Hsu et al conducted an extensive
survey for human schistosomiasis by intradermal test
[16]. After examining 2,562 people in six schisto-
somiasis japonica suspected villages in Changhua
County, 8.4% were found to be positive. However, no
positive results were obtained after examining 12,591
stool specimens from 4,197 people, although eggs sug-
gestive of those of S. japonicum were found in the stool
specimens from three people. These three were found
to be negative after repeated examination.
In 1960, Chow reported an intradermal test sur-
vey of 1,014 people at Shanlin Village, Kaohsiung
County [17]. Only eight were found to have positive
reaction, giving a positive rate of 0.79%. However,
schistosome eggs were not detected in the stool 
specimens from these eight people, and 406 others 
by the merthiolate-iodine-formaldehyde concentra-
tion (MIFC) and accelerator mass spectrometry III
techniques.
A case with spurious infection of S. japonicum
was reported by Kuntz et al in 1961 [18]. The subject
was an elderly native Taiwanese woman. She was born
in Taiwan and had never left the island. After recov-
ering S. japonicum eggs from her stool specimen, she
was transferred to the medical ward of NAMRU-2
in Taipei for further observation. Stool specimens
were then collected and examined daily for 2 weeks.
However, no schistosome eggs were found in these
specimens. The authors assumed that this case was a
spurious one, since she had recently consumed 
schistosome-infected pork viscera. The schistosome
eggs observed in the stool specimen were only pass-
ing through her gastrointestinal tract. In addition 
to this spurious case, Hsu and Hsu Li reported three
farmers with obvious signs of splenomegaly during
their visit to Lao-nung Village in Kaohsiung County
in 1957 [19]. However, stool examination yielded
negative results for schistosome eggs.
By pathologic examination, Lin reported 202 cases
of schistosomiasis japonica [20]. All the patients were
soldiers and civilians coming from Mainland China
and staying in Taiwan since 1949. These patients had
been admitted to five army general hospitals and one
university hospital for medical treatment. Among
them, 24 died and 178 underwent surgical opera-
tions. In the autopsy specimens sent for pathologic
examination, all were found to have schistosome eggs
and/or adult worms. However, no native Taiwanese
were found to have this infection, by pathologic
examination.
In 1963, an intradermal test was conducted in
Changhua County to determine the sensitivity of the
inhabitants to the antigens of several trematodes inclu-
ding S. japonicum. Some of the farmers and children
showed positive reaction to S. japonicum antigen. How-
ever, no positive reaction was obtained from a case
reported with spurious infection of S. japonicum. More-
over, only negative results were obtained from the
schoolchildren. Schistosome eggs were only demon-
strated in soldiers coming from Mainland China [18].
In Ilan County, 1,807 people from two primary
schools, three high schools, and four villages near
Ilan City were examined by intradermal test and 85
showed positive reaction, giving a positive rate of
4.7%. However, only negative results for schistosome
eggs were obtained from them, with positive reaction
after 10 consecutive stool examinations by MIFD 
and MIFC techniques. In another group of 5,047 
students from five primary schools, only negative
results for schistosome eggs were obtained by the
MIFC technique [21].
EPIDEMIOLOGY IN ANIMALS
Hsu et al examined the domestic animals in Lien-
chiao-tso, Changhua County, and found 62.0% of 
100 dogs, 3.5% of 455 buffalos, 1.7% of 230 goats, and
2.6% of 1,522 pigs to be infected with S. japonicum [22].
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In addition to domestic animals, 21.5% of 107 Rattus
norvegicus, 18.6% of 959 Crocidura murina, 16.4% of 140
R. losea, 12.5% of 8 Mus formosanus, and 8.6% of 301 
R. rattus were found to harbor worms and/or eggs in
their viscera at the same locality [23]. However, only
negative results for schistosome eggs were obtained
among domestic animals in the same area 10 years
later [24].
In 1960, Chow reported negative findings for schis-
tosome eggs in the stool specimens obtained from 50
buffaloes and 19 pigs in Shanlin Village, Kaohsiung
County [17]. Kuntz also reported negative results for
schistosome eggs in lower vertebrate species in the vil-
lage complex associated with Mei-nung and Linkou of
the same county [24]. Later, negative findings for schis-
tosome eggs were also obtained in the stool specimens
from 41 pigs and 40 dogs at the same locality [21].
In Ilan County, Kuntz found infection of S. japon-
icum in two R. rattus, and one Bandicota indica nemori-
vaga out of 300 wild small mammals near Ilan City
[24]. However, only negative results were obtained in
dogs, cats, and pigs in the same locality. Moreover,
Khaw and Fan also reported negative results for S.
japonicum eggs in the viscera of 535 pigs, 188 buf-
faloes, 29 dogs, and 550 rodents in the same locality
during a field survey spanning 2 years [21].
In 1986, there was an outbreak of schistosomiasis
japonica on a cattle farm in Hanpao Fram, Fangyuan
District, Changhua County. Fifteen of 71 cattle died
of severe diarrhea after being reared in the farm for 
5 months. Four sick cattle were then sent to the vet-
erinary hospital of National Chunghsing University
in Taichung City. Eggs of S. japonicum were found in 
the feces and multifocal granuloma was observed in
sections of livers, lungs, and intestines of the animals
[25]. Later, 25% of 16 cattle, 40% of five goats, and 50%
of four dogs were also found to be positive for S. japon-
icum eggs by the sodium sulfate–acid–ether–triton
centrifugal sedimentation technique [4].
INTERMEDIATE HOSTS
From December 1949 to August 1950, Hsu et al con-
ducted an extensive survey on the distribution of 
O. h. formosana throughout the plain of Changhua
County [26]. Among the 628 villages surveyed, the
snails were found in 140 villages. However, snails
infected with S. japonicum cercariae were found in only
75 villages. Oncomelania snails were found to have a
distribution of 273 km2, about one-fourth of the whole
county. The infection rate was 1% in 35 villages, 1%
in 11 villages, 2% in 13 villages, 4% in three villages,
5–9% in six villages, and 30% in one village. In addi-
tion, only dead snails of O. h. formosana were found in
the place where semifossilized specimens of this snail
were found [12,26]. However, it is difficult to find
snails with infection rate over 1% in the same villages
surveyed in the previous study [19]. Moreover, Khaw
and Fan examined 268,870 snails from 20 former
infected villages and found an overall infection rate of
0.0242% in 11 villages [27]. The low infection rate 
of O. h. formosana of 0.15% in Chuanghua County
obtained in 1958 may be due to a drastic alteration of
habitats by a mountain flood [28].
After an extensive survey of Oncomelania snails 
in the mountainous areas of Kaohsiung County, 12
endemic localities were found: Kau-chung, Chen-shan,
Ting-laonung, Hsia-laonung, Thing-fa, Hu-ti, Kan-ting,
Yue-bai, Yue-mei, Ta-kang-shan, Lin-kou, and Tsue-
ping-yuan. The distribution covered an area of about
100 square miles [17]. However, Chow failed to find
any infected ones among 6,106 Oncomelania snails
collected from Shanlin Village of this county [17].
Infected snails were also not found in 4,000 specimens
collected from Lao-nung Village by Hsu and Hsu Li
[19], 273,307 specimens from seven localities by
Khaw and Fan [27], and 332,000 specimens at differ-
ent seasons for 4.5 years by Kuntz [24].
The presence of Oncomelania snails in Ilan County
was discovered by van der Schalie, Burch and Kuntz
along an irrigation canal just outside Ilan City in
spring 1962. Among 2,900 snails collected, only two
were found to be infected with S. japonicum cercariae
[24]. Later, Khaw and Fan found three infected snails
among 6,015 Oncomelania snails collected in the same
county in August 1962 [27]. From February 1963 to
December 1964, an extensive survey was conducted
in 258 villages of this county by the same group.
Oncomelania snails were found in 228 (89%) villages,
and snails from six villages had natural infection.
Among 931,022 snails collected, only 0.000209% were
infected with S. japonicum cercariae. The distribution
was determined to cover 100 square miles of valley
areas and 525 square miles of mountainous areas.
In 1961, Chiu discovered an amphibious snail
from Ali-lao village in Taipei County, North Taiwan.
This snail was named Trichula chiui by Habe and
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Miyazaki [29]. It was then renamed by Davis as O. h.
chiui in 1968 [30]. The snail was initially found to be
the first intermediate host of Paragonimus iloktsuenensis
[31]. Although this snail species was determined to be
susceptible to S. japonicum cercariae of the Formosan-
Chuanghua, Formosan-Ilan, Japanese, Philippine, and
Chinese strains [32–35], no natural infections have
been reported [3,33,35]. The distribution of this snail
has been determined to extend from Ali-lao westward
in a narrow zone of terraced field hills through Ali-lao
to Chien-tzu-lu for a distance of about 2.5 miles [36].
In 1976, Lo and Cross reported that Nantuo, Chiai,
Hualien, and Taitung Counties were also Oncomelania
foci in Taiwan [37]. Most of the new habitats, unlike
previous known areas, are not in alluvial plains, but
are at higher elevations. Nan-shan-chi in Nantou
County, located at an altitude of 740 m, is the highest
of all known Oncomelania localities on the island. How-
ever, only negative results for schistosome infection
were obtained after examining nearly 60,000 oncome-
lanids from Changhua, Ilan, Kaohsiung, Nantuo,
Chiai, Hualien, and Taitung Counties.
After the outbreak of schistosomiasis japonica in a
cattle farm in Changhua County, an extensive survey
on the distribution, abundance, and trematode infec-
tions of Oncomelania snails was conducted [38]. In
Changhua County, 260 localities other than the infec-
ted farm were examined, including 140 with previ-
ous positive records for oncomelanids. O. h. formosana
was found in only five places, surviving precariously
in small to medium numbers. The colonies in Chiai
and Hualien Counties have disappeared. In Kaohsiung
County, a new colony was found in a remote moun-
tainous region, but no snails were encountered in 
any of the old localities. The Ilan population was still
present, but with much reduction in size and area 
of distribution. In Nantou and Taitung Counties, the
subspecies was found in three new localities, but
some old sites no longer had the snails. The two
localities for O. h. chiui still had the snails, but the
population sizes had become much smaller. None 
of the snails collected (3,145 O. h. formosana and 350 
O. h. chiui) were infected with S. japonicum, but four
individuals had other trematode infections. Oncome-
lanids collected from the infected farm had 1.6% (19/
1,179) of individuals infected with S. japonicum. In
general, except for eastern Taiwan and mountainous
regions, the freshwater molluscs have disappeared or
have become much reduced in population size due to
the pollution of soil and water. Not only the mollus-
can fauna, but also other aquatic and amphibious
vertebrates and invertebrates have become reduced
in number or have disappeared.
EXPERIMENTAL INFECTION IN
HUMAN VOLUNTEERS
In order to determine the infectivity of the Formosan
strain of S. japonicum in humans, Hsu and Hsu Li
exposed 400–800 cercariae of the Formosan stain to
five volunteers [2]. Although these volunteers were
observed to have acute abdominal pain, eosinophilia,
and positive intradermal test reaction after the expo-
sure, schistosome eggs were not found in the sub-
sequent stool examination and liver biopsy. These
findings indicated that this strain of S. japonicum fails
to develop in humans and led to the conclusion that
the Formosan strain of S. japonicum is a non-human
or zoophilic one. It may develop in the viscera of the
infected person for a short period but does not reach
maturity in humans.
EXPERIMENTAL INFECTION IN ANIMALS
Hsu and Hsu Li succeeded in infecting a number of
laboratory and domestic animals with the Changhua
strain of S. japonicum and regularly obtained eggs from
63 horses, 60 rats, 44 buffaloes, 44 rabbits, 43 mice, 
41 cats, 40 hamsters, 37 dogs, and 35 guinea pigs [39].
However, pigs and cattle were not susceptible to this
strain of Schistosoma. The prepatent period was deter-
mined to range from 33 to 54 days with an average of
41 days. These animals were considered to be suscep-
tible hosts to the schistosome. Although the prepatent
period was relatively long in albino rats, ranging from
40 to 91 days, the eggs in the excreta were compara-
tively low in number. The prepatent period of the
worm in infected horses was 63 days. However, only
immature or underdeveloped worms were recovered
even on day 158 after infection. These two animal hosts
were considered to have lower susceptibility to this
strain of S. japonicum.
Fan and Khaw determined the infectivity of the Ilan
and Changhua strain of S. japonicum to rabbits, mice,
Long-Evans rats, cats, dogs, and monkeys [3]. The
infection rates were determined to be 97% in rabbit,
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75% in mice, 63% in rats, 62% in cats, 60% in dogs, and
40% in monkey. The worm recovery rates were 37% in
rabbits, 29% in dogs, 18% in cats, 7% in mice, 5% in
rats, and 0.8% in monkeys. In all the infected animals,
mature worms and eggs of S. japonicum were found.
In addition to laboratory and domestic animals,
Hsu and Hsu Li also infected primates with the
Changhua strain of S. japonicum [19,40]. The Japanese,
Philippine, and African green monkeys were highly
susceptible to the infection. In rhesus monkeys, this
strain of Schistosoma was not found to develop into
adult worms, although it matures in the monkeys
under exceptional instances [19,41]. Formosan mon-
keys were also found to be a poor host for the
Changhua strain of S. japonicum. Although eggs were
obtained from 13 of 19 Formosan monkeys, the num-
ber of eggs in most cases was very low [40]. However,
Swanson and Williams reported that eggs of the
Changhua strain of S. japonicum were recovered from
four Formosan monkeys on days 43–47 after exposure
to 100 male and 100 female cercariae [42]. Khaw and
Fan have reported that 36 mature worms and eggs in
stools were obtained from two of five Formosan mon-
keys (Macaca cyclopis) on day 197 after exposure to the
Ilan strain of S. japonicum [21].
DISTRIBUTION OF WORMS IN HUMANS
AND LABORATORY ANIMALS
The distribution of S. japonicum worms has been
reported by Fan and Khaw [3]. Of 19,394 worms
recovered from 113 rabbits, 6,640 (34%) were from the
portal vein, 6,246 (32%) were from the hepatic portal
vein, 5,405 (28%) were from the superior mesenteric
vein (19% in small intestine, 5% in appendix, 4% in
large intestine), 937 (4.83%) were from the inferior
mesenteric vein, and 166 (1%) were from the lieno-
gastric vein [37 (1%) in stomach, 129 (1%) in
spleen]. In autopsy examination of 145 cases, worms
of S. japonicum were found in the stomach vein in three
cases (2%) and the spleen vein in two (1.3%) [20].
DISTRIBUTION OF EGGS IN
LABORATORY ANIMALS
Hsu and Hsu Li reported the distribution of eggs of
the Changhua and Ilan strains of S. japonicum in mice
and hamsters [43,44]. The results indicate that the dis-
tribution of eggs in the viscera is influenced by the
species of the animal host. For the Changhua strain 
of the parasite in 12 mice, eggs were recovered from
the liver (43%), small intestine (40%), large intestine
(14%), spleen (2%), stomach (1%), and lungs (1%).
However, in nine hamsters, eggs were more fre-
quently found in the small intestine (43%), and 40% in
the liver, 16% in the large intestine, and 1% each in
the stomach, lungs and spleen [43]. For the Ilan strain
of the parasite in 10 mice, eggs were recovered from
the liver (45%), small intestine (40%), large intestine
(14%), stomach (1%), spleen (1%), and lungs (1%)
[44]. Fan and Khaw also reported the distribution of
eggs of the Ilan strain of S. japonicum in 19 rabbits, the
percentage in the liver being 27%, small intestine 22%,
large intestine 20%, lungs 14%, lymph glands 10%,
stomach 3%, peritoneum 1%, and spleen 1% [3].
EGG PRODUCTION OF ONE-PAIR
WORMS IN MICE
After counting the total number of schistosome eggs
distributed in various organs and passed in the feces
of 21 ICR mice, Fan and Kang determined the egg
production capacity of one pair of S. japonicum [45].
The egg count began from the first day they were
detected in feces, which was based on a stool collec-
tion over 24 hours, twice a week. Each female worm
was determined to produce an average of 2,198 eggs
during during the study period of 99 days after infec-
tion (range, 61–147 days): 47% in feces and 53% in tis-
sues (large intestine 45%, small intestine 31%, liver
23%, pancreas 0.4%, lungs 0.2%, spleen 0.1%, lymph
nodes 0.1%, stomach 0.06%, and heart, kidneys, dia-
phragm and brain 0.05%).
MORPHOLOGY OF ADULT WORMS
Number and pattern of testes
The male reproductive organ of S. japonicum usually
comprises seven oval testes in a single column [46].
However, Hsu and Hsu Li reported that the num-
ber of testes in the Formosan strain of this parasite
ranged from 3 to 14 [47]. Although 90% of 1,436
males were found to have 7 testes, 7% had 6, 1% had
5, 1% had 8, and 1% had 3, 4, or 9–14 testes. The same
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phenomenon was also observed by Fan and Khaw,
and the number of testes in 6,323 male worms ranged
from 1 to 14: 70% with 7, 18% with 6, 5% with 8, and
1 with 1–5 or 9–14 testes [3].
In addition to the determination of the number of
testes in the Formosan strain of S. japonicum, Hsu and
Hsu Li also found 50% of testes with a tandem arrange-
ment and the remaining ones with a nontandem one
[47]. This arrangement pattern was determined to vary
in different animal hosts (tandem/nontandem): rab-
bits 72/28%, cats 30/70%, dogs 20/80%, mice 54/46%,
hamsters 85/15%, and buffaloes, goats, guinea pigs,
horses, monkeys, pigs, rats and shrews 48/52%. The
same pattern was also observed by Fan and Khaw (tan-
dem/nontandem): rabbits 50/50%, cats 63/37%, dogs
13/87%, mice 32/68%, and hamsters 39/61% [3].
Testes with unusual/irregular arrangement
Testes in S. japonicum are usually situated dorsal and
posterior to the ventral sucker, where they are arranged
in a row or otherwise. However, one or several may
have an unusual location, such as anterior to cecal bifur-
cation, in some specimens. Hsu and Hsu Li reported
1.6% of 1,434 male worms with this unusual/irregular
arrangement of testes [47], and Fan and Khaw reported
1% of 6,323 worms with such an arrangement [3].
Cecal loops in male worms
Although the normal arrangement of the intestine in
male S. japonicum is anterior to the ventral sucker,
bifurcates into two ceca, reunites into a single stem, and
ends blindly at the posterior end, Fan and Khaw found
the number of reunited cecal loops to vary from one to
five in the Formosan strain of this parasite [3]. Of 1,163
male worms collected from five species of animals, 95%
were found to have one loop, 4% two loops, 1% three
loops, 1% four loops, and 1% five loops. In rabbits,
96% were found to have one loop, 4% two loops, 1%
three loops, and 1% four loops. In cats, 93% were
found to have one loop, 5% two loops, and 1% three
loops. In rats, 94% were found to have one loop and 6%
two loops. In dogs, 92% were found to have one loop,
4% two loops, 3% three loops, and 1% four loops. In
monkeys, 68% were found to have one loop, 11% two
loops, 18% three loops, and 4% five loops.
Number of uterine eggs
After examining 276 female worms of the Formosan
strain of S. japonicum, Fan and Khaw reported that
the number of uterine eggs ranged from 4 to 270: 
27% with 4–50 eggs, 36% with 51–100 eggs, 21% with
101–150 eggs, 10% with 151–200 eggs, 5% with 201–250
eggs, and 2% with 251–270 eggs [3].
COMPARISON OF VIRULENCE
Hsu and Hsu Li reported that mice infected with 12
cercariae of the Changhua strain of S. japonicum sur-
vived for 101 days, 24 cercariae for 61 days, 50 cer-
cariae for 54 days, and 100 cercariae for 50 days [41]. 
In the last group, intestinal hemorrhage was found 
in 38% of the mice. Fan and Khaw experimentally
infected five species of laboratory animals by differ-
ent numbers of the cercariae of the Changhua and 
Ilan strains of S. japonicum [3]. Cats infected with
114–393 cercariae of the Changhua strain survived for
25 days, whereas those with 248–916 cercariae of the
Ilan strain survived for 76 days. Monkeys infected
with 711–967 cercariae of the Ilan strain survived for
76 days. Dogs infected with 130–301 cercariae of the
Changhua strain survived for 85 days, whereas those
with 412 cercariae of the Ilan strain survived for 81
days. Rats infected with 51–73 cercariae of the Ilan
strain survived for 76 days. Rabbits infected with
30–477 cercariae of the Changhua strain survived for
51 days whereas those with 78–1,500 cercariae of the
Ilan strain survived for 80 days. Liver cirrhosis was
found in seven rabbits infected with 149–496 cercariae
of the Changhua strain and they survived for 46–160
days, and in 25 rabbits infected with 135–1,393 cer-
cariae of the Ilan strain, they survived for 48–193 days.
Based on the results of this study, the Changhua strain
was determined to be more virulent than the Ilan
strain.
In order to obtain further information of viru-
lence in different geographic strains of S. japon-
icum, mice were infected with the Chinese (anthro-
pophilic), Philippine (anthropophilic), and Changhua
(zoophilic) strains. The prepatent periods were 41,
45, and 51 days, respectively. The duration of 
survival of the mice were 103, 122, and 147 days,
respectively. The duration of survival after the
prepatent period were 63, 78, and 96 days, respec-
tively. The results indicate that the Chinese strain 
is the most virulent one, followed by the Philip-
pine strain, and the Changhua strain has the least 
virulence [48].
DRUG SUSCEPTIBILITY AND
PROPHYLACTIC CHEMOTHERAPY
Hsu et al tested the effects of stibophen and tartar
emetic on the Changhua strain of S. japonicum in labo-
ratory mice [49]. After infecting 40 mice with 100 cer-
cariae and treating with 125 mg/kg stibophen for 21
days, the infection rate was determined to be 48%, and
the average worm recovery was 2.2 worms per mouse.
Following the treatment of 29 mice infected with 100
cercariae and treated with 35 mg/kg tartar for 14 days,
the infection rate was 17.2% and the average worm
recovery was 0.3 worms per mouse. These findings
indicate that stibophen has a higher susceptibility and
a lower worm recovery, whereas tartar emetic has a
lower susceptibility and a higher worm recovery.
Peng et al tested praziquantel as a prophylactic
agent to kill cercariae in experimentally infected mice
[50]. In each test group, five mice were infected with
30 cercariae each of S. japonicum Chinese and Taiwan
strains or S. mansoni. Before infecting the mice at 2, 6,
and 12 hours, a 1-mL syringe with a special needle
was used to inoculate each mouse orally with differ-
ent doses of praziquantel. For the Chinese strain of 
S. japonicum, a 100% reduction rate was obtained before
infecting at 2 hours to take 450 mg/kg, at 6 hours to
take 500 mg/kg, and 12 hours to take 600 mg/kg. For
the Taiwanese strain of S. japonicum, a 100% reduction
rate was obtained before infecting at 2 hours to take
400 mg/kg, at 6 hours to take 500 mg/kg, and 12 hours
to take 550 mg/kg. For S. mansoni, a 100% reduction
rate was obtained before infecting at 2 hours to take
700 mg/kg, at 6 hours to take 800 mg/kg, and 12 hours
to take 800 mg/kg. By liver function test, the liver
function of the mice varied ambiguously after feeding
praziquantel. These results show that taking prazi-
quantel previously has a preventive effect on the infec-
tion by cercariae.
EXPERIMENTAL INFECTION IN
THE INTERMEDIATE HOST
Studies on susceptibility
In Taiwan, there are at least four races of Oncomelania
snails: the Alilao, Changhua, Ilan, and Kaohsiung races
[51]. The Alilao race was determined to be highly
susceptible to the Changhua strain of S. japonicum
(70–91%) [31–33], the Ilan strain (83–89%) [33,35], the
Chinese strain (61–79%) [33,35], the Japanese strain
(38–96%) [32–34], and the Philippine strain (90–98%)
[33]. The Changhua race was demonstrated to be 
susceptible to the Formosan strains of S. japonicum:
Changhua strain (18–36%) [31,52] and Ilan strain
(5–12%) [51]. However, this race has only a low sus-
ceptibility of 0.8 to the Japanese strain of S. japonicum
[53] and is not susceptible to the Chinese [54] and
Philippine [43] strains of S. japonicum. The Ilan race
was determined to be susceptible to the Changhua
strain (1%) [52], Ilan strain (24–51%) [51], Japanese
strain (6%) [52], and Philippine strain (5%) [52], 
but not to the Chinese strain of S. japonicum [51].
Moreover, Wang and Fan [55] confirmed the findings
of Moose and Williams [52] that the Ilan race of 
O. h. formosana was susceptible to the anthropophilic
Philippine strain of S. japonicum, though the suscepti-
bility is low. The Kaohsiung race was demonstrated
to have only very low susceptibilities to the Formosan
strains of S. japonicum: Changhua strain (0–2%) [52]
and Ilan strain (0–0.8%) [51], and is not susceptible to
the Chinese [51], Japanese [52], and Philippine strains
of S. japonicum.
Chiu reported cercarial production of O. h. chiui
exposed to different numbers of miracidia of the
Changhua, Ilan, Philippine, Japanese, and Chinese
strains of S. japonicum [33]. The average number of 
cercariae produced by an infected snail was deter-
mined to be 97 for the Changhua strain, 124 for the
Ilan strain, 88 for the Philippine strain, 65 for the
Japanese strain, and 75 for the Chinese strain after
exposure to 1–15 miracidia of the corresponding strain
of S. japonicum. Moreover, Fan and Khaw reported that
the average number of cercarial production per snail
that has adapted to infection in the field was signifi-
cantly larger in 441 Ilan snails than in 219 Changhua
snails [3]. The average number of cercariae from female
Changhua or Ilan snails was found to be significantly
higher than in their male counterparts. These find-
ings have been attributed to the fact that the female
Changhua and Ilan snails are larger than the male
snails in size [51].
Although Lo and Cross identified several locali-
ties of Oncomelania snails in 1976 [37], and the Taitung,
Chiai, Hualien and Nantou races were found to be
susceptible to the Changhua strain of S. japonicum,
not all snails from the new foci were tested for 
susceptibility. Further studies on this subject were
conducted by Lee and Fan [56] and Lee et al [57]. 
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The snails from all four new foci were found to be
highly susceptible to the Ilan strain of S. japonicum
(17–20%). Susceptibility to the Japanese strain was
detected in the Taitung race (33%), while very low to
not susceptible for the Hualien race (2%), Chiai (0%),
and Nantou (0%) races [56]. Moreover, the average
infection rates of the zoophilic and anthropophilic
strains of S. japonicum to the Taitung, Chiai, Hualien
and Nantou races of snails were 39.0%, 14.5%, 10.8%
and 9.8%, respectively [57].
ECOLOGY OF THE SNAIL
INTERMEDIATE HOST
Oncomelania snails in Taiwan are amphibious and
were found in four endemic areas: Alilao, Ilan,
Changhua, and Kaohsiung. In Alilao, the snails were
found about 200 m high in 11 small waterfalls and 
on the terraced slopes of Mount-Ta-Tun facing the 
sea and covered with buffalo grass (Paspalum conju-
gatum). Most snails were found under the buffalo
grass. Above the waterfalls and in the ditches trailing
from the falls, the number of snails became scarce [51].
In Ilan, the snails were usually found on the moist,
weed-grown mud, or eroded cemented banks of irri-
gation canals and end ditches. They were scattered
on rice fields after harvest, potato patches, and waste
lands of the Ilan alluvial plain [3]. In Changhua, the
snails were usually found in the alluvial plain. Most
snails were found in the slow-flowing end-irrigation
ditches shaded with bamboo grove and on the surface
of humus-laden soil in the ditch [26]. In Kaohsiung,
the snails were distributed in 12 localities in the
mountainous regions 500–700 m above sea level. In
some regions, they were found in the rapid-running
mountain streams and/or brooks. They were com-
monly found in irrigation ditches [21].
Based on long-term observation of snail habitats
in Taiwan, the Oncomelania snails probably originated
from the slopes of the Central Mountain Range,
thriving on the moist algae and grass-grown banks of
water channels, contaminated by organic human and
animal waste. Their distribution was then changed
after the floods during the typhoon season. Most of
the snails were then washed down along the moun-
tainous streams or ravines, some into the sea, and
some into the irrigation systems. In the new habitats,
they were stranded and started breeding [58].
Fan and Khaw collected 12,318 snails in Ilan and
42% were found on the soil in 204 experimental plots
(1003030 cm) in 12 months and 58% in the soil [58].
For those collected in the soil, 83% were in the first layer
(1–10 cm), 16% in the second layer (11–20 cm), and
1% in the third layer (21–30 cm). Among the snails on
the soil, 96% were alive. However, only 68% of snails
collected in the soil were found to be alive, and the per-
centage of live snails was 71% in the first layer, 53% in
the second layer, and only 8% in the third layer.
In addition to the habitats and distribution on/in
the soil, Fan and Khaw also reported that the snail
density was higher in the warm season (from May to
October) (68.4 snails/90,000 cm3) than in the cold sea-
son (from November to April) (58.4 snails/90,000 cm3)
[58]. Snail density was also found to be higher in the
soil (40.5 snails/90,000 cm3 in the warm season and
33.1 snails/90,000 cm3 in the cold season) than on the
soil (27.9 snails/90,000 cm3 in the warm season and
25.3 snails/90,000 cm3 in the cold season).
Khaw and Fan reported that O. h. formosana con-
sumes rice, green lentil, wheat, lotus root, arrow root
(Monihot utilissima), buck wheat, potato, sugar and
milk powder, but refuses bamboo leaves, yeast pow-
der, old plaster from the walls of the canal habitat,
soybean, and sorghum [27].
After testing 600 Oncomelania snails in 12 groups
of 50 snails for their resistance to desiccation, Khaw
and Fan reported that 32% died in 8 weeks, 72% in 
13 weeks, and 82% in 15 weeks [27]. All snails died in
week 21 after exposure to desiccation.
CONTROL OF ONCOMELANIA SNAILS
Fan and Khaw tested the effects of calcium cyanamide
(CaNCN) on Oncomelania snails [59,60]. On the waste
lands, mortality of snails on the soil was found to be
65% after exposure to 5 g/m2 CaNCN for 1–6 days, and
mortality increased to 88% after exposure to 10 g/m2
for the same period. Moreover, mortality was found to
be higher in snails in the soil (5 g/m2 CaNCN 79% and
10 g/m2 CaNCN 92%) than those on the soil (5 g/m2
CaNCN 68% and 10 g/m2 CaNCN 86%). Similar fig-
ures were also found on the rice fields (5 g/m2 CaNCN
69% and 10 g/m2 CaNCN 81%). However, this com-
pound was found to be ineffective on snails on the
soil, although it remained effective on snails in the
soil (5 g/m2 CaNCN 72% and 10 g/m2 CaNCN 83%).
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CONCLUSION
Schistosoma japonicum in Taiwan is a zoophilic strain
and has not been found to infect humans. The interme-
diate host of this trematode is Oncomelania snails,
which has been found in Changhua, Kaohsiung, Ilan,
Taipei, Chiai, Nantou, Hualien, and Taitung Counties.
No natural infections have been found in the popula-
tions in Kaohsiung, Taipei, Chiai, Taitung, and Hualien
Counties, while the infection rate was less than 0.1% in
Changhua and Ilan Counties. Laboratory animals are
found to be susceptible to this parasite, and relatively
low susceptibilities were found in rats, horses, and
Taiwan monkey (M. cyclopis). Oncomelania snails from
Taipei, Chiai, and Nantou may be infected by zoophilic
and anthropophilic strains of S. japonicum, but only a
low infection was obtained in the Ilan race. However,
Changhua and Kaohsiung may only be infected by the
zoophilic strain. In addition, the susceptibility of the
Hualien and Taitung races remains unclear.
In Ilan County, more Oncomelania snails are dis-
tributed on the surface of the soil than in the soil.
This proportion has no relation to the season. These
snails may be found within 30 cm depth in the soil
and show preference for carbohydrates, especially
the dirty dark soil with diatoms, algae, and other
organic matter. They have a very strong resistance to
dry conditions and may survive for up to 19 weeks
after exposure to desiccation. CaNCN is one of the
most effective molluscidal compounds.
In Taiwan, Oncomelania snails are probably amphi-
bious in the mountainous regions. They were origi-
nally distributed on the slopes of the Central Mountain
regions. After heavy rains during the typhoon season,
they were flooded down to the plains, stranded in 
the irrigation systems, and gradually adapted to the 
ecologic factors. They thrived and developed, and
eventually gave rise to different races in different
areas of Taiwan.
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